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(57)Abstract: 

PURPOSE: To form a plurality of reference clock signals having different 
frequency at a low cost while having only one vibrator. 

CONSTITUTION: A clock signal according to the oscillation frequency of a 
crystal oscillator 28 is output from an oscillation circuit 29, the clock signal is 
frequency-divided in two with a half frequency-dividing circuit, and a CPU clock 
signal having specified frequency is obtained. On the other hand, an output from 
the oscillation circuit 29 is frequency-divided in M by a l/M frequency dividing 
circuit 31, and the frequency-divided output is transmitted over a PLL circuit 
consisting of a phase comparator 32, a charge pump 33, a loop filter 34, a 
voltage control oscillator 35 and a l/N frequency dividing circuit 36. A l/L 
frequency dividing circuit 37 is mounted at the post-stage of the PLL circuit, and 
each frequency-dividing ratio of the l/M frequency dividing circuit 31, the l/N 
frequency dividing circuit 36 and the l/L frequency dividing circuit 37 is set at 
proper values by a control register 38, thus acquiring a servo clock signal having 
specified frequency. 
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CLAIMS 
[Claim(s)] 

[Claim 1] An oscillation means to have one vibrator and to oscillate a clock signal 
according to the oscillation frequency of this vibrator, A reference clock 
generation means to generate two or more reference clock signals with which 
frequencies differ based on the above-mentioned clock signal which consists of 
combination of a PLL circuit and two or more frequency dividers, and is 
oscillated from the above-mentioned oscillation means, The reference clock 
generator characterized by providing the control means which sets up 
independently the division ratio of each above-mentioned frequency divider, 
respectively, and adjusts the frequency of each above-mentioned reference 
clock signal. 



* [Claim 2] The above-mentioned control means is a reference clock generator 

according to claim 1 characterized by setting up independently the division ratio 
of each above-mentioned frequency divider according to each frequency of a 
CPU clock signal required for CPU which carries out generalization control of the 
magnetic disk drive, and a servo clock signal required for the servo control circuit 
which performs point to point control of the magnetic head. 
[Claim 3] The reference clock generating approach characterized by to have one 
vibrator, to have an oscillation means oscillate a clock signal according to the 
oscillation frequency of this vibrator, to generate two or more reference clock 
signals from which a frequency differs with the combination of a PLL circuit and 
two or more frequency dividers based on the above-mentioned clock signal 
oscillated from the above-mentioned oscillation means, to set up independently 
the division ratio of each above-mentioned frequency divider, and to adjust the 
frequency of each above-mentioned reference clock signal. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the reference clock generator 
and the reference clock generating approach which are used for data processors, 
such as a magnetic disk drive which needs two or more system clocks. 
[0002] 

[Description of the Prior Art] With a magnetic disk drive, in order to demonstrate 
each performance to the maximum extent, it is necessary to have a separate 
clock signal by the servo control circuit (and read/write circuit) and CPU. 
However, in the magnetic disk drive of these days, since the data transfer rate 
rose for high efficiency and large-capacity-izing and CPU is also accelerated, 
each oscillation frequency is becoming quite high. 

[0003] The configuration of the conventional reference clock generator used for 
a magnetic disk drive at drawing 4 is shown. Conventionally, the CPU clock 
signal and the servo clock signal were separately generated using two quartz 
resonators 22 and 25. 

[0004] A quartz resonator 22 is an object for CPU clock signal generation, and is 
oscillated with a clock signal twice the frequency of CPU. An oscillator circuit 23 



outputs the clock signal of TTL or CMOS equivalent level according to the 
oscillation frequency of a quartz resonator 22. A frequency divider 24 carries out 
1/2 dividing of the output of an oscillator circuit 23, and outputs it outside by 
making the dividing output into a CPU clock signal. 

[0005] On the other hand, a quartz resonator 25 is an object for servo clock 
signal generation, and is oscillated by 3 times of a cylinder code transfer rate. An 
oscillator circuit 26 outputs the clock signal of TTL or CMOS equivalent level 
according to the oscillation frequency of a quartz resonator 24. The auxiliary 
oscillator circuit 27 is an LC circuit where the time constant was set up so that a 
quartz resonator 25 might oscillate by the target RF. In addition, R1 And R2 A 
capacitor and L of resistance, and C11, C12, C21 and C23 are coils. 
[0006] In the above-mentioned configuration, in order to obtain the highest 
speed of CPU, when it assumes that a 16MHz CPU clock signal is required, the 
32MHz quartz resonator 22 is used, and it will be used, carrying out 1 / 2 dividing 
of this in order to raise the frequency of a clock signal, and the precision of duty. 
On the other hand, as a reference clock signal for servoes, by the rise of the data 
transfer rate of these days, if 17.3MHz assumes that it is required, in order to 
raise the decoding precision of the servo data which generally use Gray code 
etc., the 17.3MHz 3 times as many quartz resonator [ 52MHz ] 25 as this will be 
used. 



[0007] In addition, in fact, although the read/write reference clock signal other 
than a CPU clock signal and a servo clock signal is required, this can use a 
servo clock signal. In the magnetic disk drive which uses the CDR (Constant 
Density Recording) method, the light PLL circuit was given by having made the 
servo clock signal into the read/write reference clock signal, and the frequency is 
changed for every zone. 
[0008] 

[Problem(s) to be Solved by the Invention] As described above, two quartz 
resonators 30MHz or more were required for the reference clock generator used 
for a magnetic disk drive conventionally. In this case, if the oscillation frequency 
of a quartz resonator exceeds 25-30MHz, since Xtal becomes very thin, 
mechanical dependability will fall and it will become expensive improving it. 
Therefore, carrying two or more expensive quartz resonators in one equipment 
poses a big problem in cost. 

[0009] It becomes difficult to oscillate by the fundamental wave (primary 
oscillation frequency), and a quartz resonator cannot but stop moreover, using 
the 3rd higher harmonic and the 5th higher harmonic, when 30MHz is exceeded. 
For this reason, there is a problem more than which a supplemental circuit 
increases — the auxiliary oscillator circuit (auxiliary resonance circuit) which 
consists of R, L, and C is needed, or the circuit which supervises an oscillation 



frequency is needed so that it may oscillate by the fundamental wave 
accidentally and CPU may not malfunction — so that it may be easy to oscillate 
by harmonic content. 

[0010] This invention was made in view of the above points, has only one 
vibrator, and aims at offering the reference clock generator in which ****** is 
cheaply possible, and the reference clock generating approach for two or more 
reference clock signals with which frequencies differ. 
[0011] 

[Means for Solving the Problem] An oscillation means for the reference clock 

0 

generator of this invention to have one vibrator, and to oscillate a clock signal 
according to the oscillation frequency of this vibrator, A reference clock 
generation means to generate two or more reference clock signals with which 
frequencies differ based on the above-mentioned clock signal which consists of 
combination of a PLL circuit and two or more frequency dividers, and is 
oscillated from the above-mentioned oscillation means, The division ratio of 
each above-mentioned frequency divider is set up independently, respectively, 
and the control means which adjusts the frequency of each above-mentioned 
reference clock signal is provided. 
[0012] 

[Function] According to the above-mentioned configuration, two or more 



reference clock signals from which a frequency differs with the combination of a 
PLL circuit and two or more frequency dividers from the clock signal oscillated 
from an oscillation means are generated. Therefore, only by setting each 
division ratio as a suitable value, it is only one vibrator, and moreover, two or 
more reference clocks which have a desired frequency can be obtained, without 
changing the oscillation frequency of the vibrator. 
[0013] 

[Example] Hereafter, one example of this invention is explained with reference to 
a drawing. First, the configuration of the magnetic disk drive with which the 
reference clock generator of this invention is applied is explained. Drawing 3 is 
the block diagram showing the configuration of the magnetic disk drive of a 
servo system. In drawing 3 , the disk whose 1 is a record medium, and 2 are the 
magnetic heads which perform read/write of data to this disk 1. A disk 1 rotates 
with a spindle motor 3. The magnetic head 2 is carried in carriage 4, and moves 
to radial [ of a disk 1 ] with a voice coil motor (VCM) 5. A spindle motor 3 is driven 
by Motor Driver 6. A voice coil motor 5 is driven by the VCM driver 7. 
[0014] A head amplifier 10 amplifies the read-out signal of the magnetic head 2 
at the time of read-out of data, and supplies a write-in current to the magnetic 
head 2 according to light data at the time of the writing of data, the pulse detector 
11— the electromagnetism of the read-out signal from a head amplifier 10 - the 



wave peak point equivalent to a conversion location is detected, and the 
read-out signal of an analog is changed into binary-ized data. 
[0015] The servo detector 12 detects the head positioning data (burst data) 
which are servo data currently beforehand recorded on the disk 1 . A/D converter 
13 changes the head positioning data of an analog into digital value. Based on 
the head positioning data from the cylinder address code and A/D converter 13 
from the pulse detector 1 1 , the servo controller 14 performs point to point control 
of the magnetic head 2, and has acquired the servo clock signal required for the 
control from the reference clock generating circuit 21 here. 
[0016] The lead PLL circuit 15 creates the lead clock signal which carried out 
phase simulation to the read pulse from the pulse detector 11. A decoder 16 
restores to the read pulse from the pulse detector 11 to an NRZ signal. The light 
PLL circuit 17 inputs the servo clock signal from the reference clock generating 
circuit 21 mentioned later as a read/write reference clock signal, and creates a 
light clock signal. An encoder 18 modulates the NRZ data from an interface 
controller 20 to the light data which synchronized with the light clock signal from 
the light PLL circuit 17. 

[0017] CPU19 carries out generalization control of the magnetic disk drive, and 
has acquired the CPU clock signal required for the control from the reference 
clock generating circuit 21 here. An interface controller 20 performs interface 



control with the host computer which is not illustrated. The reference clock 
generating circuit 21 is the part of this invention, by the configuration as shown in 
drawing 1 or drawing 2 , generates a servo clock signal and a CPU clock signal, 
and outputs them to the servo controller 14 and CPU 19, respectively. 
[0018] Next, the reference clock generator of this invention is explained. By this 
invention, it aims at generating two or more reference clocks (here a servo clock 
signal and a CPU clock signal) from which a frequency differs with one trembler, 
and the concrete configuration is shown in drawing 1 . 

[0019] Drawing 1 is the block diagram showing the configuration of the reference 
clock generator as the 1st example. In drawing 1 , a quartz resonator 28 is 
oscillated by 32MHz. An oscillator circuit 29 outputs the clock signal of TTL or 
CMOS equivalent level according to the oscillation frequency of a quartz 
resonator 28. 1/2 frequency divider 30 carries out 1/2 dividing of the output 
signal of an oscillator circuit 29, and outputs it outside (CPU19) by making the 
dividing output into a CPU clock signal. 

[0020] The 1/M frequency divider 31 carries out dividing of the output signal of 
an oscillator circuit 29 by the division ratio (1/M) set up with a control register 38. 
A phase comparator 32 performs the phase comparison of the dividing output of 
the 1/M frequency divider 31, and the dividing output of the 1-/N frequency 
divider 36 established in the feedback loop of a PLL circuit. The charge pump 33 



is the current source of the charge / discharge current supplied to a loop filter 34 
according to the output signal of a phase comparator 32. A loop filter 34 is an 
integral mold filter which carries out smooth [ of the charge / the discharge 
current of the charge pump 33 ], and supplies oscillation control voltage to a 
voltage controlled oscillator (VCO) 35. A voltage controlled oscillator 35 is 
oscillated on the frequency (here 104MHz) according to the output voltage of a 
loop filter 34. 

[0021] The 1-/N frequency divider 36 is established in the feedback loop of a PLL 
circuit, carries out dividing of the output signal of a voltage controlled oscillator 
35 by the division ratio (1-/N) set up with a control register 38, and feeds back 
the dividing output to a phase comparator 32. 1 / L frequency divider 37 carries 
out dividing of the output signal of a voltage controlled oscillator 35 by the 
division ratio (1/L) set up with a control register 38, and outputs it outside (servo 
controller 14) by making the dividing output into a servo clock signal (read/write 
reference clock signal). A control register 38 sets up independently each division 
ratio of the 31 or 1/N frequency divider 36 of 1/M frequency dividers, and the 1 / 
L frequency divider 37, respectively. 

[0022] In such a configuration, the 32MHz clock signal outputted from an 
oscillator circuit 29 is given to 1/2 frequency divider 30 and the 1/M frequency 
divider 31. In 1/2 frequency divider 30, 1 / 2 dividing of the 32MHz clock signal 



are carried out. Thereby, a 16MHz CPU clock signal is acquired. This CPU clock 
signal is given to CPU19 shown in drawing 3 . 

[0023] With a control register 38, while setting up "1/13" for the division ratio of 
"1/4" and the 1-/N frequency divider 36, the division ratio of the 1/M frequency 
divider 31 here If the division ratio of 1 / L frequency divider 37 established in the 
latter part of a PLL circuit "is set as one half, after 1/4 dividing of the 32MHz 
clock signal outputted from the oscillator circuit 29 are carried out in the 1/M 
frequency divider 31, it will be first given to a PLL circuit. 

[0024] A PLL circuit consists of a phase comparator 32, the charge pump 33, a 
loop filter 34, a voltage controlled oscillator 35, and a 1-/N frequency divider 36, 
and generates a 104MHz clock signal in response to the output signal (clock 
signal of 8MHz) of the 1/M frequency divider 31. In 1 / L frequency divider 37 
established in the latter part of a PLL circuit, 1 / 2 dividing of this 104MHz clock 
signal are carried out. Thereby, a 52MHz servo clock signal is acquired. This 
servo clock signal is given to the servo controller 14 shown in drawing 3 . In 
addition, this 52MHz servo clock signal is also given to the light PLL circuit 17 as 
a read/write reference clock signal. 

[0025] Thus, this CPU clock signal can acquire the servo clock signal with which 
frequencies differ to a CPU clock signal and coincidence by preparing a PLL 
circuit and a frequency divider and setting each division ratio as a suitable value 



with a control register 38 according to the frequency of a servo clock signal. In 
this case, since only one uses a 32MHz quartz resonator, a cost cut can be 
aimed at, without dropping each performance of CPU and servo control. 
Moreover, since this equipment consists of a PLL circuit and a frequency divider, 
its frequency precision is very high and it does not need a supplemental circuit 
like before. 

[0026] Next, the 2nd example of this invention is explained. Although the 
frequency of a CPU clock signal was considered as immobilization and 
considered as a configuration which sets the frequency of the CPU clock signal 
to a servo clock signal as arbitration in the 1st example of the above, a setup of 
each frequency of a CPU clock signal and a CPU clock signal to arbitration is 
enabled here. 

[0027] Drawing 2 is the block diagram showing the configuration of the reference 
clock generator as the 2nd example. In drawing 2 , a quartz resonator 39 is 
oscillated by 16MHz. An oscillator circuit 40 outputs the clock signal of TTL or 
CMOS equivalent level according to the oscillation frequency of a quartz 
resonator 39. 

[0028] The 1/M frequency divider 41 carries out dividing of the output signal of 
an oscillator circuit 40 by the division ratio (1/M) set up with a control register 49. 
A phase comparator 42 performs the phase comparison of the dividing output of 



the 1/M frequency divider 41, and the dividing output of the 1-/N frequency 
divider 46 established in the feedback loop of a PLL circuit. The charge pump 43 
is the current source of the charge / discharge current supplied to a loop filter 44 
according to the output signal of a phase comparator 42. A loop filter 44 is an 
integral mold filter which carries out smooth [ of the charge / the discharge 
current of the charge pump 43 ], and supplies oscillation control voltage to a 
voltage controlled oscillator (VCO) 45. A voltage controlled oscillator 45 is 
oscillated on the frequency (here 96MHz) according to the output voltage of a 
loop filter 34. 

[0029] The 1-/N frequency divider 46 is established in the feedback loop of a PLL 
circuit, carries out dividing of the output signal of a voltage controlled oscillator 
45 by the division ratio (1-/N) set up with a control register 49, and feeds back 
the dividing output to a phase comparator 42. 1 / L1 A frequency divider 47 
carries out dividing of the output signal of a voltage controlled oscillator 45 by the 
division ratio (1 / L1) set up with a control register 49, and outputs it outside 
(CPU 19) by making the dividing output into a CPU clock signal. 1 / L2 A 
frequency divider 48 carries out dividing of the output signal of a voltage 
controlled oscillator 45 by the division ratio (1 / L2) set up with a control register 
49, and outputs it outside (servo controller 14) by making the dividing output into 
a servo clock signal (read/write reference clock signal). A control register 49 is 



the 41 or 1/N frequency dividers 46 and 1 of 1/M frequency dividers / L1. 
Frequency dividers 47 and 1 / L2 Each division ratio of a frequency divider 48 is 
set up independently, respectively. 

[0030] In such a configuration, the 16MHz clock signal outputted from an 
oscillator circuit 40 is given to a PLL circuit through the 1/M frequency divider 41. 
The division ratio of the 1/M frequency divider 41 with a control register 49 here 
"1/2", 1 / L1 which set the division ratio of the 1-/N frequency divider 46 as "1/12", 
and was further prepared in the latter part of a PLL circuit Frequency dividers 47 
and 1 / L2 If the division ratio of a frequency divider 48 is set as "1/6" and "1/2", 
respectively First, after 1/2 dividing of the 16MHz clock signal outputted from 
the oscillator circuit 29 are carried out in the 1/M frequency divider 41 , it is given 
to a PLL circuit. 

[0031] A PLL circuit consists of a phase comparator 42, the charge pump 43, a 
loop filter 44, a voltage controlled oscillator 45, and a 1-/N frequency divider 46, 
and generates a 96MHz clock signal in response to the output signal (clock 
signal of 8MHz) of the 1/M frequency divider 41. This 96MHz clock signal is 1 
prepared in the latter part of a PLL circuit / L1. Frequency dividers 47 and 1 / L2 
A frequency divider 48 is given. 

[0032] 1 / L1 In a frequency divider 47, 1/6 dividing of the PLL output are carried 
out. Thereby, a 16MHz CPU clock signal is acquired. This CPU clock signal is 



given to CPU 19 shown in drawing 3 . On the other hand, it is 1 / L2. In a 
frequency divider 48, 1 / 2 dividing of the above-mentioned PLL output are 
carried out. Thereby, a 48MHz servo clock signal is acquired. This servo clock 
signal is given to the servo controller 14 shown in drawing 3 . In addition, this 
48MHz servo clock signal is also given to the light PLL circuit 17 as a read/write 
reference clock signal. 

[0033] Thus, two kinds of frequency dividers are established in the latter part of a 
PLL circuit, and you may make it acquire a CPU clock signal and a servo clock 
signal, respectively. In this case, with the configuration of drawing 2 , although a 
quartz resonator 28 is dependent on the frequency of a CPU clock signal and 
that oscillation frequency is set to 30MHz or more with the configuration of 
drawing 1 , although the frequency of a servo clock signal can be chosen only by 
the integral multiple of the frequency of a CPU clock signal, since a quartz 
resonator 39 is not dependent on the frequency of a CPU clock signal, that 
oscillation frequency can be set to 20 or less MHs, and a cost cut can be aimed 
at further. 
[0034] 

[Effect of the Invention] As mentioned above, according to this invention, since 
two or more reference clock signals with which frequencies differ were 
generated combining a PLL circuit and two or more frequency dividers, only by 



setting each division ratio as a suitable value, it is only one vibrator, and 
moreover, two or more reference clock signals which have a desired frequency 
can be acquired, without changing the oscillation frequency of the vibrator. 
[0035] Therefore, in a magnetic disk drive, two kinds of reference clock signals, 
such as a CPU clock signal and a servo clock signal, can be offered with a 
sufficient precision with a cheap configuration, without dropping each 
performance of CPU and a servo control circuit. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the reference clock 
generator concerning the 1st example of this invention. 



[Drawing 2] The block diagram showing the configuration of the reference clock 
generator concerning the 2nd example of this invention. 

[Drawing 3] The block diagram showing the configuration of the magnetic disk 
drive with which the reference clock generator of this invention is applied. 
[Drawing 4] The block diagram showing the configuration of the conventional 
reference clock generator. 
[Description of Notations] 

28 — A quartz resonator, 29 ~ An oscillator circuit, 30 - 1/2 frequency divider, a 
31-1/M frequency divider, 32 » A phase comparator, 33 ~ A charge pump, 34 — 
Loop filter, 35 - A voltage controlled oscillator, a 36-1 -/N frequency divider, 37 
1 / L frequency divider, 38 - A control register, 39 - A quartz resonator, 40 — 
An oscillator circuit, a 41--1/M frequency divider, 42 [ - A loop filter, 45 / - A 
voltage controlled oscillator, a 46—1 /N frequency divider and 47-1 / L1 ] A 
frequency divider, and 48-1 / L2 A frequency divider, 49 - Control register. - A 
phase comparator, 43 — A charge pump, 44 



